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  The present study examines xanthan production by Xanthomonas campestris under 
aerobic conditions on spent grains liquor based cultivation media containing four diffe-
rent amounts of maltose. All four experiments were performed simultaneously, so that all 
stages of the biotechnological process would be carried out under identical conditions. In 
addition to the cultivation parameters (pH value, contents of dissolved oxygen, reducing 
sugars and assimilable nitrogen, turbidity and trickling time), xanthan yield and sugar 
conversion percentage were also determined. Based on the results of the experiments 
maltose addition up to 5% to spent grains liquor does not hinder the cultivation course. 
On the other hand, the conversion of sugars into xanthan decreases with the increase of 
maltose content to 5% and a large amount of sugars lags in the cultivation broth. 
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INTRODUCTION 
 
  Xanthan or xanthan gum is a collective term for heteropolysaccharides of microbial 
origin  produced  by  Xanthomonas  campestris  on  substrates  containing  sugars.  This 
polyanionic, hydrophilic biopolymer is a product of secondary metabolism. 
  Xanthan has a special place on the market compared to all gums of microbiological 
origin,  primarily  due  to  its  characteristics,  which  make  it  significantly  different  and 
unusual. Due to the remarkable solubility in water, high degree of pseudoplasticity of its 
aqueous solutions, which have high viscosity at low concentrations, stability and compa-
tibility with most metallic salts, resistance to changes in temperature and pH, stability in 
acidic and alkaline solutions, as well as resistance to microbial and enzymatic degrada-
tion, xanthan is commercially the most important microbial polysaccharide (1). Accor-
ding to estimates, the current needs for xanthan on the world market  have an annual 
growth rate of 5-10% (2). The annual xanthan production in the world is about 30,000 
tonnes, with a worth of about $408,000,000 (3). 
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  A genetic characteristic of Xanthomonas campestris is  xanthan biosynthesis  when 
cultivated on media with an appropriate composition. In terms of carbon source, the men-
tioned producing microorganism is not too demanding. Xanthan biosynthesis is usually 
performed on substrates containing glucose, sucrose, maltose, fructose, xylose, arabinose, 
galactose, lactose, inositol, sorbitol, soluble or potato starch (4, 5). These carbohydrates 
are often obtained from different raw materials that are intermediate or by-products of 
various technologies, such as cheese whey (6) or olive mill wastewater (7). Another by-
product, the spent grains liquor, as one of the most polluted brewery effluents, has a sig-
nificant content of biodegradable matter. The carbohydrate profile shows that maltose is 
the predominant sugar, followed by glucose and maltodextrins, which are all known for 
being easily used by a large variety of microorganisms. Also, the spent grains liquor con-
tains sources of nitrogen and phosphorus, as well as many microelements and organic 
growth factors, making it a very convenient substrate for xanthan biosynthesis (8). 
  When it comes to carbon source content in the cultivation media for xanthan bio-
synthesis, the literature sources suggest differences in xanthan yield and sugar conver-
sions for the initial sugar content of 1-5% (9). Therefore, the aim of this study was to 
investigate the possibility of xanthan production on maltose enriched spent grains liquor. 
The justification of maltose addition to 5% from the viewpoint of the degree of sugar 
conversion into xanthan was also examined. 
 
 
EXPERIMENTAL 
 
Producing microorganism 
 
  As a producing microorganism, for all experiments, the strain of Xanthomonas cam-
pestris labelled with A-1 was used. This strain is a reisolate of a referent culture Xantho-
monas campestris which is the American Type Culture Collection, Rockwille, Maryland, 
USA kept under the label ATCC 13951, and in the Northern Regional Research Center, 
Peoria, Illinois, USA under the label NRRL B-1459. 
 
Cultivation media 
 
  The medium for xanthan production was the spent grains liquor (SGL) from a domes-
tic brewery with the following characteristics: maltose content 0.73% and assimilable nit-
rogen content 0.006%. This base was initially enriched with salts: 0.5% (NH4)2SO4, 0.2% 
MgSO4·7H2O and 0.4% K2HPO4. For the purposes of individual experiments, sugar sour-
ces were or were not added to the previously described enriched spent grains liquor, 
which gave the following cultivation media for biosynthesis: salt enriched SGL (medium 
I), salt enriched SGL with pro analysis maltose addition to 2% (medium II), salt enriched 
SGL with Maltex
® addition to 2% maltose (medium III) and salt enriched SGL with 
Maltex
® addition to 5% maltose (medium IV). While calculating the need for Maltex
® 
addition to achieve the adequate maltose concentration, a content of 50% maltose was 
considered for this product. The pH value of the cultivation media was then set to 7.0 and 
sterilized in an autoclave at 121°C and overpressure of 1 bar during 20 minutes. APTEFF, 42, 1-288 (2011)    UDC: 547.815:664.136 
DOI: 10.2298/APT1142211D  BIBLID: 1450-7188 (2011) 42, 211-221 
Original scientific paper 
  213 
Cultivation 
 
  The biotechnological process of xanthan production was carried out simultaneously in 
four Wolf bottles of 2,000 mL, each containing 1,500 mL of the medium for biosynthesis 
with the appropriate composition (I, II, III and IV). The inoculation was performed by 
adding 150 mL of prepared inoculum. Cultivation was carried out under aerobic condi-
tions (enforced aeration, achieved by a compressor unit type E4 NL 1041, with air which 
was conditioned in terms of moisture content and temperature, at a flow rate of 0.01 
L/L·min in the first 48 h, and after that 0.02 L/L·min) with external mixing (laboratory 
shaker, 150 rpm). The cultivation temperature was 28°C in the first 48 h, and after that it 
was increased to 30°C. The total time of cultivation was 120 h. This regulation of process 
parameters was done according to the literature data (2). 
  From the moment of inoculation, sterile samples were taken for the analysis every 24 
h. The volume of every sample taken was calculated so that it would satisfy the needs for 
analysis while trying not to drastically change the working volume in the Wolf bottles. 
 
Product separation 
 
  After the biosynthesis, the cultivation broth was centrifuged at 10,000·G for 10 minu-
tes (Eppendorf Centrifuge 5804) and the supernatant was cooled in an ice bath. While in 
the ice bath, ethanol (minimum 96%) was added in small portions (1 drop per second) till 
the  content  of  60%  while  constantly  being  mixed  with  a  laboratory  stirrer  (UM-15, 
Tehtnica, Ţelezniki). A saturated solution of KCl was added when half of the needed 
ethanol amount was poured into the cooled supernatant, in a quantity to reach a final 
content of 1%. The temperature of the mixture did not exceed 15°C. Upon precipitation, 
the mixture was kept at 4°C for 24 h with the aim of dehydration of the precipitated 
xanthan. The final xanthan separation was carried out by centrifuging the mixture (3500 
rpm for 15 minutes) on a laboratory centrifuge (LC-320, Tehtnica, Ţelezniki). The pre-
cipitate was dried to constant mass on 60°C. This information was used to calculate the 
xanthan yield. 
 
Analytical methods 
 
  The course of biosynthesis was monitored by analysing the samples taken from the 
cultivation broth. Depending on the analytical method, the sample was or was not pro-
cessed before measuring. The separation of the solid from the liquid phase in the culti-
vation broth was carried out by centrifuging it at 10,000·G for 10 minutes (Eppendorf 
Centrifuge 5804). 
  The pH value and dissolved oxygen content were measured directly in the cultivation 
broth sample with a glass and oxygen electrode, respectively, attached to a multipara-
meter laboratory analyser Consrt C863 (Consort, Belgium). The reducing sugars content 
was monitored indirectly based on the maltose content in the supernatant of the cultiva-
tion broth by the DNS method according to Miller (10). A volumetric method (11) was 
used to determine the assimilable nitrogen content, i.e. the content of ammonium and α-
amino nitrogen, in the cultivation broth supernatant. Turbidity measurement was carried APTEFF, 42, 1-288 (2011)    UDC: 547.815:664.136 
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out spectrophotometrically, measuring the absorbance of the cultivation broth sample at a 
wavelength of 660 nm while the uninoculated medium was used as the blank (12). This 
measurement did not give an accurate number of bacteria cells in the cultivation broth, 
but the changes of biomass quantity could be monitored during the process. The trickling 
time of 10 mL of cultivation broth sample from a capillary viscometer was measured with 
a chronometer at a temperature of 25°C. 
 
 
RESULTS AND DISCUSSION 
 
  Four SGL-based cultivation media with different maltose content were examined for 
xanthan productivity and sugar conversion.  
  For the success of any biotechnological process, the process parameters control and 
regulation is of crucial importance (13). Sensory elements that measure their value are 
usually an integral part of the bioreactor, and in most cases the measurements are per-
formed “in line”. The obtained data are compared with the given values and the need for 
a corrective action is assessed. The accuracy of  obtained data and applied corrective 
measures determine the success of a bioprocess in terms of the yield and quality of the 
desired product. That is why the pH value, contents of dissolved oxygen, reducing sugars 
and assimilable nitrogen, turbidity and trickling time, as process parameters, were moni-
tored during the xanthan production. 
 
pH value during the cultivation 
 
  For the growth of Xanthomonas campestris cells and xanthan biosynthesis, the opti-
mal pH value is in the range 6.5-7.5 (3). The values of this parameter were measured in 
all sampling times, and the obtained data are shown in Figure 1.  
 
Figure 1. Changes in the pH value of the maltose enriched SGL during 120 h of xanthan 
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  It can be seen that the initial pH of about 6.8 for all types of media decreases to a 
value around 6.0 to the end of the process. Still, during the entire process, the pH value of 
all media used is above the critical for xanthan biosynthesis (5.5). These data indicate that 
all the applied cultivation media were well buffered and that there was no need for pH 
correction during the process under these experimental conditions. 
 
Dissolved oxygen content during the cultivation 
 
  The producing strain Xanthomonas campestris is a strictly aerobic microorganism. 
During the cultivation process oxygen is only available in a dissolved form, so the oxy-
gen level in the broth is an important process parameter. Cacik et al. (12) suggested that 
the dissolved oxygen content in the cultivation broth during the production phase should 
be between 6% and 10% of the maximum oxygen level at a certain temperature. The 
dissolved oxygen level in the cultivation broth was measured in every taken sample and 
the obtained values are shown in Figure 2.  
 
Figure 2. Changes in the dissolved oxygen content in the maltose enriched SGL during 
120 h of xanthan biosynthesis 
 
  As can be seen, the initial dissolved oxygen content in all media was about 2.3 mg/L, 
which is 30% of the maximum oxygen level in water at 28°C and atmospheric pressure. 
In all cultivation broths, the dissolved oxygen content decreased during the entire pro-
cess. It is obvious that the increased aeration rate made after 48 h of cultivation, which is 
consistent with the literature claims (2), managed to keep the value of the indicator mea-
sured during the stationary phase of growth above the lower critical value for biosynthe-
sis of xanthan of 0.5 mg/L, which is 6.67% of the maximum water saturation at 30°C and 
atmospheric pressure. 
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Reducing sugars content during the cultivation 
 
  For the biosynthesis of extracellular heteropolysaccharides which are secondary pro-
ducts of some microorganisms, sugar content in the cultivation media is of great impor-
tance (4). The reducing sugars content measured during the cultivation is presented in Fi-
gure 3. In the first 24 h of cultivation, the reducing sugars content decreased only by 
about 1.5-2.0 mg/mL in all applied media. This can be attributed to the adaptation phase 
of  the  producing  strain.  It  is  obvious  that  till  72  h  of  cultivation  the  medium  I  (salt 
enriched SGL without maltose addition) is depleted in terms of sugar content and that it 
is unrealistic to expect biomass growth and xanthan biosynthesis after this time. After 5 
days of cultivation in media II, III and IV, there was still some potential in terms of 
carbon  content  to  further  extend  the  process  in  order  to  increase  the  quantity  of  the 
polymer, but with regard to the process duration it is necessary to carry out technical and 
economic analyses (9). 
 
Figure 3. Changes in the reducing sugars content in the maltose enriched SGL during 
120 h of xanthan biosynthesis 
 
Assimilable nitrogen content during the cultivation 
 
  Figure 4 shows the assimilable nitrogen content in all applied cultivation media du-
ring the process of xanthan biosynthesis. Most of the assimilable nitrogen content in all 
of the media originates from (NH4)2SO4 which was added to the SGL. The difference in 
the initial assimilable nitrogen content for media III and IV, compared to media I and II, 
comes from Maltex
®. During the cultivation, the assimilable nitrogen content decreased 
in all of the media and after the process completion it was higher than 850 mg/L, while 
the used up quantities at the end of the process were about 100-150 mg/L. Rosalam and 
England (2) recommended a maximal residual nitrogen content in the cultivation broth 
after xanthan production of 660 mg/L. This surplus of assimilable nitrogen indicates the APTEFF, 42, 1-288 (2011)    UDC: 547.815:664.136 
DOI: 10.2298/APT1142211D  BIBLID: 1450-7188 (2011) 42, 211-221 
Original scientific paper 
  217 
need for optimising media composition in terms of assimilable nitrogen content for the 
applied experimental conditions. 
 
 
Figure 4. Changes in the assimilable nitrogen content in the maltose enriched SGL 
during 120 h of xanthan biosynthesis 
 
 
Turbidity during the cultivation 
 
  The defining of the course of a biotechnological process involves the determination of 
the desired product content, which is a result of the producing microorganism metabolic 
activity, and determination of those products that contribute to the success of the process 
and/or quality of the final product. In this sense, the course of xanthan biosynthesis is de-
fined by the content of biomass (Xanthomonas campestris) that is necessary and suffi-
cient to successfully carry out the process and by the content of xanthan as a desired pro-
duct of the producing strain metabolism (3). 
  For the purposes of this study, the biomass content during the cultivation was moni-
tored by measuring turbidity of the broth (Figure 5). For media I, II and III a lag phase 
could be noticed in the first 24 h, which corresponded to a low sugar consumption seen in 
Figure 3. After the lag phase, an intensive growth phase could be observed for the men-
tioned media till 72 h. It is obvious that from this moment and till the end of cultivation 
the producing microorganism goes into the stationary phase. The slow growth of cells, 
i.e. small changes in the turbidity of medium IV was observed up to 72 h, which may be 
due to high initial sugar content, but also to the high content of nitrogen in this medium 
(9). The measured turbidity of medium IV at 96 h and 120 h of cultivation suggests that 
during this period the cells were in the exponential growth phase and that the production 
microorganism within this process time and under applied experimental conditions does 
not enter the stationary phase of growth. Due to the fact that xanthan is a product of se-APTEFF, 42, 1-288 (2011)    UDC: 547.815:664.136 
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condary metabolism, which occurs in the stationary growth phase, indicates a need for 
considering the prolongation of the process time. 
 
Figure 5. Changes in the turbidity of the maltose enriched SGL during 120 h of xanthan 
biosynthesis 
 
Trickling time during the cultivation 
 
  Xanthan formation during the process of biosynthesis was monitored by measuring 
the trickling time of a defined volume of cultivation broth and the obtained values are 
shown in Figure 6.  
 
 
Figure 6. Changes in the trickling time of a defined volume of the maltose enriched SGL 
during 120 h of xanthan biosynthesis 
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  This method does not provide the data on cultivation broth viscosity, but it is simple 
as it does not demand expensive equipment and has a quick response, and as such is ex-
cellent for monitoring the biosynthesis process. For media I, II and III, the trickling time 
did not change drastically in the first 48 h. Maximal values for these cultivation broths 
was reached at 120 h. The trickling time of medium I is 5 times lower compared to media 
II and III at the end of the process, but the small content of reducing sugars in medium I 
indicates that the process of xanthan biosynthesis is completed under these experimental 
conditions. A considerable increase in the trickling time for medium IV is noticed after 
96 h of cultivation. 
 
Xanthan yield and sugar conversion 
 
  In order to determine the success of the performed biosynthesis in terms of xanthan 
yield and sugar conversion, xanthan was precipitated according to the plan of the experi-
ment, and the results of the gravimetrical measurement are presented in Table 1. These 
results show that the smallest xanthan yield was obtained from the medium I, which ini-
tially had the lowest maltose content, and that the higher product yield came from me-
dium IV, i.e. the cultivation medium with the highest maltose content. According to the 
literature data (4), the xanthan yield from maltose (20 g/L) as sugar source is not signifi-
cantly different from that is given in Table 1. The slight differences in xanthan yields can 
be a result of the producing strain characteristics or different separation techniques that 
were applied by Leela and Sharma (4). On the other hand, sugar conversion was about 
95% in the media which had smallest amount of sugar in it, and even 90% got converted 
into xanthan, which is in accordance with the literature data (9). In the medium con-
taining 2% maltose, 60% got totally converted and 57% were converted into the product 
till the end of the process, which is somewhat higher than in industrial conditions (2). The 
sugar conversion was the lowest in the medium containing 5% maltose (42%), and only 
about 38% were converted into the desired product. 
 
Table 1. Xanthan yield in the maltose enriched SGL during 120 h of xanthan 
biosynthesis 
 
Medium  Maltose content g/L  Sugar 
conversion
(4) 
% 
Xanthan 
yield,  
P g/L 
Conversion 
(5) 
%  expected 
(1)  S0 
(2)  S 
(3) 
I  7.0  7.27  0.35  95.18  6.6  90.78 
II  20.0  19.28  7.64  60.37  10.8  56.10 
III  20.0  21.73  11.28  61.89  12.5  57.52 
IV  50.0  49.47  28.73  41.92  18.9  38.20 
 
(1)  maltose content which was "targeted" when preparing the medium
 
(2)  maltose content in the inoculated media
 
(3)  maltose content after 120 h of cultivation
 
(4)  sugar conversion  % = (S0-S)/S0·100
 
(5)  conversion % = P/S0·100
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CONCLUSION 
 
  In this study, the effect of maltose addition to a brewery effluent (spent grains liquor) 
for xanthan production was examined. Based on the results it can be concluded that the 
addition of maltose to the medium, to a content of 5%, can be performed by pro analysi 
chemical or an evaporated extract of barley malt, Maltex
®, and it does not affect the cour-
se of cultivation. Even though  xanthan  yield increases, the conversion of  sugars into 
xanthan decreases with the increase of maltose from 0.7% to 5% in the cultivation medi-
um. Also, a large amount of sugar remains in the broth after 120 h when the initial sugar 
content is over 2%. This suggests further optimisation of the maltose content in the medi-
um under the applied experimental conditions. 
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ПРОИЗВОДЊА КСАНТАНА НА МАЛТОЗОМ ОБОГАЋЕНОЈ ВОДИ ОД 
ИСПИРАЊА ТРОПА 
 
Јелена М. Додић, Дамјан Г. Вучуровић, Јована А. Граховац, Синиша Н. Додић, 
Стеван Д. Попов и Александар И. Јокић 
 
Универзитет у Новом Саду, Технолошки факултет, Булевар цара Лазара 1, 21000 Нови Сад, Србија 
 
  У овом раду испитана је производња ксантана током аеробне култивације Xan-
thomonas campestris на четири подлоге чија је основа вода од испирања тропа, а 
које садрже различиту количину малтозе. Сва четири експеримента вођена су исто-
времено, тако да су се све фазе биотехнолошког процеса одвијале под идентичним 
условима. Поред процесних параметара, попут вредности рН, садржаја раствореног 
кисеоника, садржаја редукујућих шећера, садржаја асимилабилног азота, мутноће и 
времена истицања, израчунати су и принос ксантана и степен конверзије шећера. 
На основу резултата експеримената може се закључити да додатак малтозе у воду 
од испирања тропа, до 5%, не ремети ток култивације. Са друге стране, конверзијa 
шећера у ксантан се смањује са повећањем количине малтозе у подлози до 5% и 
велики део шећера заостаје у култивационој течности. 
 
Кључне речи: ксантан, малтоза, вода од испирања тропа, биосинтеза 
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